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MYCOLOGICAL. 


The proportions of the specimens received under tlie vario,us 
diseases do not differ much from those from last year. They 
afford little indication of the relative importance of the diseases 
concerned. Black rojt continued to cause serious loss on a num- 
ber of gardens but in most areas it has-been found possible to 
control this blight without undue expenditure by treating each 
infected bush with Burgundy mixture as soon as it is found 
to be infected. On a few areas however the conditions appear to 
favour the disease to such an extent that more costly methods 
are likely to be required. Experiments are still in progress to 
ascertain the most economical treatment of this disease* 

The deaths of many bushes are associated with SphaerostUbe 
repens (Violet root rot) on very stiff soils and Diplodia on very 
sandy ones. Both these fungi are very common in all tea soils 
in North-East India attacking plants weakened by other causes. 
With both these fungi lack of starch reserves seems to be the 
most common observation. This may be associated with undiie 
reduction in the leaf area remaining on the bush after plucking. 
The reduction may be due to plucking too hard or to premature 
leaf fall induced by attacks of Bed spider, etc. Bushes growing 
on either of the classes of soil mentioned are particularly subject 
to the effects of drought. The drying up and subsequent rotting 
of pruned branches is therefore more prevalent. Further the 
tendency to severe Red spider attacks is increased. It is of 
prime importance in dealing with bushes growing under these 
conditions to ensure ample effective leaf area below the plucking 
level. 

Observations on the Influence of Conditions of Growth 
ON Susceptibility to Pests and Blights. 

No severe outbreak of any disease occurred at Tocklai or 
Borbhetta. At the end of the plucking season however one 
branch was taken at random from each of ten bushes selected at 
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random from each plot on a number of experimental areas. The 
mature serrated leaves were counted and the blighted leaves 
sorted out. Brown blight only was present. Two experimental 
areas were investigated with the following results. 

Rajghur Plucking Plots. 

’ 7 replications. 


Treatment. 


Pliieking system. 


4^^ to janam 
6 '^ ' „ 

8 " 

4'^ plus 1 Wl; 

5 leaves to janam 

3 

to janam, unpluokcd in August, 
skiffed at 3 big loaves and thou 
plucked to janam ... 

A.s above hut only 1 big leaf loft ... 


7 Replications 


Percentage 
of blight(A 
leaves 

Total 

number of 
leaves ]ie)' 
series 

Yield in 
lbs. Green 
leaf of 
series. 

17-0 i 

:ui 1 

1487 

ld-2 ! 

384 

1346 

13*6 1 

418 

1216 

13-5 

448 

1311 

10*6 

611 

1199 

lOO ! 

679 

1108 

18*3 ' 

1 363 

1 1408 

U)-3 

j 

1 266 

i 1636 

1 

7*0 

i 663 

1 818 

12*8 i 

' .516 1 


' 

1 

'i - 


Correlation coefficient between percentage of 
blighted leaves and total leaves. 

Significant correlation 
(P^'05) 

Residual 

= -*07 

= -26 

Blocks 

= --33 

== *70 

1 

Treatment only 

= -*99 

)1 

o 

Total 

= -*41 

1 

= -23 



( 3 ) 

Dark leafed Mesai Manil)uri Plots. 
7 replications. 


Treatment ilunuring. 

! 

i 

Perc(^ntJige 
of Idighied 
loaves. 

Total 

mnnhcT of 
loaves }>ev'’ 
series. 

YioW in 
lbs. 
Gr(H*n 
loaf. 

N 

P 

K 





0 

0 

0 


14‘1 

507 

540 

40 

20 

20 

1 (lose Marcli 

lO-O 

71<s 

808 

SO 

40 

40 


17-2 

617 

1316 

120 

60 

60 


lO'O 1 

754 

1522 

40 

20 

20 

2 doses March & Juno 

12-] ■ 

752 

803 

80' 

40 

40 


15*5 

j 653 

1235 

120 

40 

40 

,, ,, 

12*6 

1 634 

1578 

80 

40 

40 

2 (loses March (.t May 

15-0 

i 668 

1266 

80 ■ 

40 

1 40 

1 2 doses March ifc July 

13-1 

! 733 

1320 

120 ' 

1 60 

1 60 

1 

1 3 doses March May 
i & Juh 

1 V3-2 

i 681 

1570 

Si^niticaut difference (p = *05) ... j 





Corr. cooff. between percentage of blighted leaves 
and total leaves. 


Sign, correlation 
(P = ‘05) 


Residual 

Blocks 

Treatment only 


25 

= -26 

‘85 i 

= -70 

'60 ; 

= '60 
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The plots were plucked at 8 inches and then to the janum, 
The average percentage of blighted leaves was 13,5 which coin- 
pares very closely with the percentage of 13.6 on the series 
plucked similarly in the Rajghur plots given above. 

The above figures suggest that there is a significant negati\-e 
correlation between the number of leaves left on the branches 
after plucking and the percentage of those leaves that become 
blighted. The correlation between {3ercentage of blight and 
number of leaves calculated on the total variance is practically 
the same for both lots, .41 and .42 respectively. The correlation 
based on the treatment variances only is very high for the pluck- 
ing plots and just significant on the manuring plots. It may also 
be pointed out tliat there are no significant differences in the num- 
bers of leaves on the manuring plots. The manuring appears 
to have made no consistent difference in the percentage of blighted 
leaves or the total numbers of leaves below the plucking level. 
The plucking however has made very obvious differences. The 
most striking is the difference associated with the leaving of 2 
more leaves when skiffing, after resting for a month. It is also 
obvious that leaving a leaf after plucking to a measure lias had 
considerable effect. Plucking at 4 inches plus a leaf had the 
same effect as plucking at 8 inches and then to the janum. Com- 
paring the yields of these two series, the former gave 1,216 lbs. 
against 1,311 lbs. for the latter. However it would appear that 
to date the closer tlie plucking the higher has been the yield and 
that so far the percentage of the Brown blighted leaves has not 
had any uppreciable influence on crop. 

The Ohservaiions on the Khanka tia Potash Phosphoric 
Acid Plots gave the Following Results. 

The percentage of the mature serrated leaves which were 
blighted on 10 prunings selected at random from each plot on 
the Kharikatia Potash Phosphoric Acid Plots was worked out. 

The mean ])erceiifage of infection was 11.2% and the aver- 
age total number of leaves in a series was 344. The differences 
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in jnfection were not significant but as the figures are suggestive 
they are given below. 



Total leaves 

. 

per senes 
(4 plots). 

Percentage 
of leaves 
blighted. 

Blight 
adjusted 
to equal 
number of . 

leaves. 

11*2 = 100 

Blight adjust- 
ed to equal 
yield and 
starch, 

11*2 = 100 

Lime N 

381 

4*1 

48-G 

59*3 

Lima NK 

337 

9-0 

i 70-5 

! 67*5 

Lime NP 

35ti 

10-9 

98*4 

98-2 

Lima NPK 

337 

1P4 

loi-ti 

102-6 

Total with lime ... 

1411 

1 

35’4 

319*1 

327*6 

N 

i 

329 

«-3 

72*4 

77*6 

NK 

i 361 

9-3 

85-2 

83*6 

NP 

; 355 

' 17*9 

161-6 

158*8 

NPK ... ; 

' 295 1 

12-1 1 

i 101-2 1 

^ 110*8 

Total withoat lime ' 

1340 i 

47*6 I 

1 

420*4 

430*8 

Ca 

341 ! 

16*2 

144*4 

145*1 

Basic slag 

350 ' 

13’^ 

123*4 

117*2 

KCL 

354 

9*7 

90*1 

92*6 

KNO, 

323 

9*5 

82*6 

86*7 


The nitrogen was applied as sulphate of ammonia, potash 
as potassium sulphate and phosphoric acid as super phosphate 
except where otherwise s^^ecified and lime as slaked lime. 


Starch on Potash Phosphoric Acid Plots, 

There is a significant ]X)sitive correlation of .370 between 
the starch and yield on these plots. In other words the greater 
the starch the greater the yield. As the production of new leaf 
requires energy it would appear that there was sufficient leaf 
are^ left on the bushes to absorb the energy required. The total 
number of leaves left on the bushes at the end of the season may 
be a measure of the leaf area chiefly responsible for the absorp- 
tion of energy. There was no significant correlation between 
the total number of leaves and either starch or yield nor was 
there any significant difference between the series. However 
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as* they have some effect the starch figures have been adjusted 
not only to equal yields but also to equal yields and equal num- 
bers of leaves on the prunings. 

The starch content is expressed below as percentages of the 
mean : — 


1 


Mtiiiuri' 

All plots received 
nitrogf.m. 

120 II, J Unadjn.tol, 

Adjusted to 
equal yield. 

Adjusted to 
equal yield 
and total 
leaves. 

Lime N ... 

...■ 102-« 

103-3 

103-3 

Lime NK... 

... ' 104-4 

105*9 

105-9 

Lime NP ... 

... i 97-7 

98*7 

98*8 

Lime NP K 

...i 100-4 

99-ti 

99-6 

Totul with lime... 

... ' 405-3 

407-5 

407-6 

N 

... i 9G-7 

! 97-1 

1 97-1 

NK 

... ; 99-8 

1 98*6 

98-8 

NP 

101-4 

1 100-9 

101-0 

NPK 

97-0 

97-6 

97'’3 

Tutul without lime 

; 394-9 

^ 394-2 

394-2 

... 

100-3 

99'j 

I 99-1 

Basic slaw. . . 

102-9 

103-9 

103-9 

KCL ... 

97-0 

96-8 

96-8 

KNO;, ... 

99-4 

98-5 

98-4 

iSign. <lift'. of series 

(P. = -05) . 5-6 

4-4 

4-3 


In the above table the two adjustments have made little 
difference to the relative positions of the various series. 


* The est ini avion of the starch coment was carried out by taking healthy upper 
lateral roots about 1/2 inch thick and cutting the ends square with a sharp knife 
so that the cut is very smooth. The cut ends were then dipped in iodine solu- 
tion, The roots were then sorted out on a long marked board. A root which was 
deep black all over the cut surface was placed on the loo mark. Others with no 
Ivlackening at all were placed fin the o mark. The remainder were ranged in 
between according to the blackness and the relative area of the black portion. 
Aljout loo roots Were marked at a time. On the Kharikatia plots one root w^as 
taken from each of nine buslies taken at random. The bushes were marked so 
that they may not l)e selected again in the same season, The observations were 
made in March, May, July, September and November during the year — five times 
in all. As the plots contained 45 boshes the starch in a lateral root on every 
bush was estimated in the course ot the year. On Tulsipara a surface lateral from 
a single bii.sli on each plot selected at random every lorthvght was taken. Thus 
16 bushes in a plot of 200 bushes was taken during the season. There wete 6 
p/ots io each series. 
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Values for the pH value of the plots in question ha\'e not 
been obtained since 1927. Taking those figures there is a signi- 
ficant negative correlation of .6180 with the blight when the 
influence of yield and starch are excluded. This suggests that 
the old leaves on bushes growing on the more acid soils are more 
susceptible to damage from Brown blight. As the lime was the 
principal factor in raising the pH on these plots these figures do 
not offer conclusive evidence of the individual influence of pH 
or lime. On the dark leafed Mesai Manipuri Plots the correla- 
tion between the pH and percentage of old leaves attacked by 
Brown blight was positive. In this case also the possible influ- 
ence of lime is not altogether excluded. There was however no 
suggestion that high pH was associated with reduction in Brown 
blight on the Tingamira plots in 1934. It would appear there- 
fore that the pH value within the limits of our observations 
4.9 to 6.0 has not had any obvious influence on the susceptibility 
to damage from the blight. 


It is interesting to note that the difference between the starch 
in the bushes collar- pruned in 1928 and those medium pruned 
at the same time is no longer significant. 


Observations on the Big Mannrmg Plots 
at Tulsipara. 


The mature serrated leaves on the primings were investi- 
gated in a similar manner to those on the Potash Phosphoric 
Acid Plots at Borbhetta. 

The sum of percentages for each series of the total leaves 
attacked by Brown blight expressed as a percentage of the mean 
is given below. The differences are not significant owing to the 
great irregularity of individual plots. The average percentage 
of leaves attacked was 13.08%. 



( 8 ) 


N 

P 

1 

K 

Brown blight. 
i:V08 = 100 

Total number of leaves 
in each series of 6 
replications. 

0 

0 

0 

62-8 

1270 

40 

0 

0 

135-8 

1240 

40 

40 

0 

102-1 

1215 

40 

0 

40 

161-7 

1404 

40 

40 

40 

81-7 

1325 

40 

0 

80 

88-8 

1313 

80 

0 

i 0 

72-1 

1275 

80 i 

i 0 

80 

1 89-7 

1255 

80 1 

1 0 

160 

105*3 

1257 


In regard to mosquito blight the figures are of little value as 
only 2% of the leaves bore any punctures. However the figures 
expressed as percentages of the mean are given below : — 


N 

P 

K 

Mos<|uito blight 2 ‘ 0 % 

0 

0 

0 

138-7 

40 

0 

0 ; 

82-9 

40 

40 

0 

72-9 

40 

0 

40 1 

105-9 

40 

40 

40 

78-2 

40 

0 

! 80 i 

120-2 

80 

0 

0 

1 94-7 

80 

0 

80 

127-G 

80 

0 

160 i 

78-9 


There is no suggestion that the increasing dases of potash 
had any effect. 

The mosquito only appeared for a short time at the end of 
the growing season. The differences of infection between t^le 
series were not significant. By expressing the starch reserves 
in the bushes during the time that the mosquito was reported to 
be present as a ratio of the total for the year it was found that 
there was a significant inverse correlation with the percentage 
of punctured leaves on the prunings^ A partial correlation 



eliininating yield, total leaves on primings and percentage of 
leaves attacked by Brown blight was still significant. There 
was also a significant positive correlation between the percentage 
of mosquito blight and that of Brown blight. The differences 
in infection between the blocks which were noted last year were 
not apparent this year. 

Starch Reserves on Tulsipard Plots, 

Total starch adjusted to equal yield and expiressed as per- 
centages of the respective annual means. 


Treatment. 


Year. 



: N 

P 

K 

19U. 

1935. 


0 

0 

0 

103-9 

105*1 


40 

0 

0 

101' 7 

101*1 


40 

40 

0 

101*2 

101*8 


40 

0 

40 

102*5 

103-5 


40 

40 

40 

101*4 

100-0 


40 

0 

80 ■ 

100-7 

99*8 


; 80 

0 

0 

96*3 

100*3 


80 

0 

80 

98-9 

1 95-0 


80 

0 

1(10 

95*4 

1 93*2 

Sign. (lift. .. 

. 

ii 

4-4 

4*3 


There is little doubt that the increase in nitrogen is asso- 
ciated with a fall in starch reserves even when the figures are 
adjusted for differences in yield. The potash and, or, phospho- 
ric acid do not adjust the balance, 

Black Rot. 

Experiments wer^ carried out on some gardens in tlie 
Surma Valley to ascertain the effect of Burgundy mixture and 
Lime sulphur solution on Black rot. The Lime sulphur solu- 
tion used was in all cases made on the gardens concerned. 
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I. An experiment carried ovit on a garden in Cachar was 
as follows 

Series A. i% Burgundy mixture with rosin adhesive 
applied on April 30th and August 3rd. 

,, B, I % Burgundy mixture without rosin 
adhesive applied on April 30th and August 
ist. 

,, C. Lime sulphur solution on March 6th. 

Burgundy mixture with rosin adhesive inodj 
fied formula on August 3rd. 

,, D. Lime sulphur solution on April 30th ana 
August ist. 

,, E. No treatment. 

The Lime sulphur used was made on the garden 8° Beaume 
diluted with 3 parts of water. 

The 3delds of the various plots were recorded and the posi- 
tion of diseased bushes charted at the end of each month. Of 
the following figures, those for March and April were taken 
before treatment started except in the case of series C. The 
August figures were obtained approximately one month after the 
second application. 

Percentage of bushes infected. Total of 5 plots. 


Month. 

ilarch 

April. 

May. 

! 

June. iJuly. 

Aug. 

Sept. 

Oct. 

Average 
of Aug. 
Sept. 

Oct. 


Sprayed. 



Sprayed. 




Series A. 

19-8 

1 18*2 

13*6 

45*0 

44-6 

21-2 

9-2 

2*6 

11*0 

B. 

33-4 

j 15*4 

! 8*2 

42-8 

45*8 

27*2 

4'2 

1 0*2 

10-5 

t‘a 

15*4 

11*8 

8*6 

43'5 

44.4 

33*2 

lO'O 

4*2 

1 15-8 

I). 

21*6 

16-4 

11*4 

44-(; 

45*0 

39-G 

25*4 

7*4 

1 24-1 

E. 

22*8 

14-6 

18*0 

47*4 

52-8 

56*8 

39*0 

11*0 

i 35*0 

Sign. diff. j 

10-3 

None 

6-1 

i 

! None 

None 

11*4 

G '8 

1 

3*5 

7*2 
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As the plots did not contain an equal number of bushes the 
results were converted to lOo bushes per plot. By taking the 
figure representing the number of buslies which have been in- 
fected at any time during the period of observation and multi- 
plying that by the average duration of infection we have a figure 
which is a measure of the amount of Black rot which has been 
present during the period under observation. 


These 

figures are show in the following table : — 


A. 

1% Burgundy mixture with rosin adhesive 



applied on April 30th and August 3rd ... 

167-5 

B. 

I % Burgundy mixture witliout rosin 



adhesive on April 30th and August ist ... 

176.7 

C. 

Lime sulphur solution on March 6th. 
Burgundy mixture with rosin adhesive modi- 



fied formula on August 2nd ... 

170.4 

D. 

Lime sulphur solution on April 30th and 



August TSt 

2oq.i 

E. 

No treatment 

260.^ 


Sign, difference (P = .05) ... 

44.1 


From the above figures it is obvious that at the end of the 
season the plots sprayed witli Burgundy mixture have a smaller 
percentage of bushes blighted to those sprayed with Lime sul- 
phur solution and both have less than the check plots. The 
figures for the average duration of the disease on an individual 
bush have also vielded important results. v 3 eries A. B and C do 
not differ significantly but series D and E, i.e. Lime sulphur 
only and no treatment, are significantly higher than A, B and 
C which were treated with Burgundy mixture. Series C received 
Lime sulphur solution on April 30th and Burgundy mixture 
with adhesive on August ist. In this mixture the alkali con- 
tent was reduced relative to the mixture used on series A. As 
there was no significant difference between A and C it would 
appear that the reduction in the alkali had no appreciable effect 
on the blight. 
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Weight of green leaf from 5 plots in lbs. 



Juno, 
(to end 
of) 

July. 

Aug. 

Sept. 

Got. 

Total ex- 
cluding yield 
to end ot 
June, 

Total. 

A. ... 

73 

188 

152 

154 

162i 

516^ 

629i 

B. ... 

73 

174: 

113i 

145i 

155 

588 

661 

C. ... 

D. ... 

I 56 

i 189^ 

mi \ 

136i 

142^ 

593 

649 

1 67 ^ 

189 

146i 1 

137 

; 146 

618| 

685i 

E. 

92 I 

mi 1 

131i i 

121 1 

123 

544 j 

636 

Sign. diff. 

1 i 



I 

1 


1 

(P = -05) j 

254 1 

None 1 

26-2 

None 

None 1 

None 1 

None 


By using Fisher’s method of covariance the yield can be 
adjusted to allow for an unequal number of attacked bushes and 
an unequal period of attack thus giving comparable results which 
would show the effect on yield of factors other than those men- 
tioned. 


The results of this observation are given below : — 


Series A. 

802.88 lbs. 

per 

series 

„ B. 

711-45 M 

» 1 

yy 

„ c. 

721.14 ,, 

y f 

i 1 

„ D. 

654-9^ M 

yy 

yy 

„ E. 

472-12 ,, 

yy 

M 


Sign. diff. (P = .05) 124.85. 

It will be seen that the differences in yield become signi- 
ficant, Series A is 70% higher than the check series E. In our 
observations the intensity of the Black rot on individual bushes 
was not assessed, nor was the intensity of Red spider. The 
differences in yield may be associated with the effect 
of a reduction in the damage caused to the bushes concerned by 
Black rot or Red spider or both. There is little doubt that the series 
treated with Burgundy mixture with adhesive has given better 
results than Lime sulphur solution and both have yielded much 
more than the untreated series. It is difficult to give a fair 
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assessment in terms of crop per acre as the initial fertility of the 
plots was not known. 

II. On another garden in Cachar the infection on the 
experimental plots was small. The numbers of bushes (out of 
500) infected in each series are as follows ; — 


Series 

Spraying applied 

of i . 
July 

t 

Ocl. 

Nov, 

Sum. 

A.- 

l9^ Burgundy mixture with adliesive 

1 

; 





B. 

on May 8tli and Jidy lOth ... 
Burgundy mixture without adhe- 

0 2 

; 

1 

2 


y 

C. ' 

1 

sive on May 8th and July lOth 
Liino sulphur solution on Fob. 26th 
and 1% Burgundy mixture 

1 : 0 

i 

0 

i 3 

1 

i 

■ 0 

! ' 

4 

i 

] 

1). 

(modified formula) on July 10th 
Lime sulphur solution on May 8th 

0 3 

0 

' 2 

1 

4 

I 9 


and July lOth 

lie 

; 4 

' 4 


24 

E. 

No, treatment 

1 2|23 

1 

i « 

i 

: 9 

1 

25 1 

i 

67 


The significant difference of the sum is 17. The un- 
treated series is easily the worst. The infection is so sliglit that 
the differences between the treated series are possibly accidental. 


III. On a third garden in Cachar using the same scheme 
the disease was much more prevalent. Before pruning all the 
bushes on the plots selected' for the exiDeriment were attacked. 
At the end of April the position was as follows : — 

Series A. 38% infected. 

,, B. 29% 

M C. 32% 

M D. 23% M 

n E. 25% 

Series C sprayed with Lime sulphur one month earlier, 
seems to have rather more Black rot than the others except A. 


At the end of May many more bushes were attacked and at 
. first sight it would appear that all series were equally bad. A count 
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of the infected bushes however showed that the percentage shown 
below had escaped infection . — 


Series A- 

9 - 0 % 

escapes. 

„ B. 

18.6% 

i ) 

c. 

11.0% 

> y 

„ D. 

8.0% 

> > 

„ E. 

4-4% 


No significance. 



Assuming that the percentages of bushes attacked at the end 
of April are a measure of the susceptibility of the various plots 
to the Black rot the above figures may be adjusted by the covari- 
ance method to what they should be if conditions were equal. 
The results of this operation are as fallows : — 


Series A. 

13.2% escapes 

„ B. 

18.4% 

„ c. 

10.8% „ 

„ D. 

6.8% 

„ E. 

1-8% 

Sign, diff. 

q 

11 


These figures are suggestive of effect but the differences are 
not significant for p = .05. This means that there is less than 
a 20 to I chance against the differences being due to accident. 

As there is considerable irregularity in the tea bushes on 
the plots due to drains, etc., it may be possible to obtain more 
significant figures by finding the percentage of bushes infected 
during May of those in actual contact with bushes infected in 
April. 

Working in this way the percentage of bushes, adjoining 
infected ones, which escaped infection is as follows : — 

Series A. 14% escapes. 

33 % M 
M C. 16% ,, 

,, D. 12% 

,, E. 4% M 

Sign. diff. 16. 
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Again assuming that the percentage of infection at the end 
of April is a measure of the degree of susceptibility of the various 
plots and adjusting the figures for the escapes by covariance 
taking the percentage of infection in April as the preliminar\’ 
the following is obtained : — 

Series A. 11.4 adjusted percentage of escapes. 

„ B. 32.4 
„ C. 15.4 
,, D. 14.4 
M E. 54 

Sign. diff. 7.4 

In this case the significance is more than doubled. This 
strengthens the assumption that the percentage infection at the 
end of April was a measure of susceptibility. 

From the above figures it would appear that series B, 
sprayed early in May with Burgundy mixture, had significantly 
more escapes than any of the other series. Series E, which was 
untreated, had significantly fewer escapes than all other series 
except A. There was no difference between the series sprayed 
with Lime sulphur in the cold weather and that sprayed in the 
beginning of May. It is however interesting that while no 
difference was noticeable on these two series in the percentage of 
infection at the end of April it would appear that the early spray- 
ing did have some effect in preventing the spread of infection at 
the end of May more than three months after the fluid was 
applied. 

On this garden the percentage of bushes attacked by Black 
rot on the various experimental plots did not differ significantly 
at the end of the season. It is obvious that the conditions on the 
area concerned are so favourable to this blight that the effect of 
the 1% Burgundy mixture is not sufficiently prolonged to pre* 
vent reinfection of many of the bushes before the latter ha\'€ 
fully recovered from the effects of earlier infection. In October 
however the Burgundy mixture plots looked more leafy than 
those treated with the Lime sulphur solution and both looked 
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much better than those which had no treatment. Whether the 
improvement in yield would justify the increase in expenditure 
required for i% Burgundy mixture relative to Lime sulphur 
solution can only be ascertained by actual measurement. The 
particular area chosen for the experiment was almost completely 
surrounded by high teelas with heavy jungle on their tops. To 
establish control of the blight on this area it would probably be 
necessary to spray almost every bush with 4% Burgundy mix- 
ture. Further experiments are in hand to ascertain what effect 
the application of various concentrations of Burgundy mixture 
during the cold weather will have on infection during the follow- 
ing growing season. 

IV. On experimental plots on a Sylhet garden there was 
no sign of Black rot until June and it is probable that the fungus 
had not survived the cold weather on many bushes. All the 
plots had been sprayed with Lime sulphur solution immediately 
after pruning. The infection in June therefore in all probability 
represented new infection. The percentage of infection therefore 
may be considered to be a criterion of the preventive effect of the 
fluids applied early in May. The percentage of infection at the 
end of June is given in the following table : — 


Series ; 

i 

Treatment 

Percentage of infection 

A. 

1% Burgundy mixture with j 



adhesive ... ... 

5-0 J 

B. 

i 1% Burgundy mixture without | 

The whole area on 


1 adhesive ... ... 

1 1*6 1 this garden had been 

0. 

Check 

28*0 ^ sprayed with Lime 

1). 

As C with Lime Sulplmr again 

j suljihur immediately 


early in May 

34’8 after priming. 

B. 

Check 

30*0 J 


: Sign. diff. (B = -05 

t 

170 

1 


It is obvious from the above that the Burgundy mixture 
with or without adhesive was much more efficient as a preventive 
than the Lime sulphur solution. 



Some more figures were received from this garden at the 
end of July. The chart did not indicate whether any of the bushes 
found to be infected in June had recovered. The figures for the 
new infections expressed as a percentage of the bushes uninfected 
at the June count gave the following results : — 

Series A. 9.4 average percentage per plot. 

)> 9 '^ >> >> ** 

> i -3 ’ > j 

jj 

} } 22 .0 ff )f ff jf 

Sign. diff. 18.0 

If the total infection to the end of July is expressed as a per- 
centage of the total bushes in each plot, the following figures are 
obtained : — 


Series A. 

14.0 average 

percentage per plot. 

„ B. 

10.8 ,, 

M it ii 

„ c. 

45-6 

it it it 

D. 

47-6 

a it )i 

„ E. 

44*6 n 

it ti a 

Sign. diff. 

20.4 



It will be clearly seen that at the end of July, f.e., three 
months after spraying there is a difference of over 30% between 
the plots sprayed with Burgundy mixture and the remainder. 
It must be clearly understood that these figures only apply to 
the prevention of infection. They contain no data regarding the 
effect of the treatment on recovery. . It is ob\dous that the Lime 
sulphur solution applied at the same time as the Burgundy mix- 
ture has afforded no protection against infection. The addition 
of rosin adhesive to the Burgundy mixture has made no differ- 
ence. 

V. Observations made on the treatment of Black rot with 
different concentrations of spray fluid (Burgundy mixture) on a 
garden near Tocklai gave the following results. The experi- 
ment was arranged as a latin square with 4 replications of 100 
bushes. 
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Spraying on July 6 th, 1935, 



- ■ 

- 




: : - 7. ' 



1 

Date.- 


20-7 ■ 27-7 

j 

3*8 1 

17-8 

24*8 

14*9 I 

19*10 

16*11 

Number of bushes 

which became infected out of 

a total 

of 4 CX). 








Ofo 

59 

Gf( 'ii 

19 

34 

, 

32 

56 

47 

39 

l^/o 

79 : 

103 40 

13 

4 

5 

17 

16 

4 


8t) 1 

77 , 32 

i 

1 

0 

5 

2 

; 2 

4^ 

1 

98 1 20 

- 

0 

0 

0 

0 

! 0 

gign. diff. : 

i 

1 

... i ... 

! 


15*2 

10*4 

2i;-4 

28*4 

10 

The percentage of 

the uninfected bushes w 

Inch 

became 

infected . 








0% 


4‘ 5 0-25 

: 1*0 

(k 0 

0-75 

6- 0 

4*25 

i 3-25 

1 % 


12*25 1*25 

O-O 

0*7.5 1 0- 5 

3-25 

^ 1*25 

0*25 



7*25 0- 5 

(l-O 


n- 0 

1*2.5 

0*25 

0*25 

4% 


«'2.5 0- 0 

! 

0-0 

0- 0 

II- 0 

0* 0 

0- 0 

0* 0 

Sign. 

diff. 

... 1 ... 


2* 7.5 


4*2.5 

2- 0 



The \nelds did not give any information as they were incom- 
plete. The percentage of blighted bushes gives a very clear 
indication of the relative efficiency of the flxiids employed. 
Althoxigh the differences between the 1%, 2% and 4% are not 
significant they may be taken to mean something as the}^ show 
a distinct regression. The 4% seems to have knocked out the 
blight completely but the difference between that and the 1% is 
probably not sufficient to warrant the extra expenditure. 

Cark of Spraying M.achikery. 

In the course of the above experiments and obsert'ations on 
spraying work generally it was again noticed that very much 
fluid is frequently wasted by neglect of the spray nozzles. By 
using old nozzles with enlarged apertures more than double the 
amount of fluid may be required to do the work efficiently. It is 
also important to maintain adequate pressure. With Burgundy 
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mixture it is of special imix)rtance to wash out the machines after 
use. Otherwise the fluid mav dry on the walls of the cylinder 
and render the pumping very hard until the deposit is rubbed 
off by the plunger. The washers require careful attention, par- 
ticularly in small pumps. A grease containing graphite is use^ 
ful for lubricating the plungers when soapy mixtures are used. 

On most tea areas the Black rot can be controlled without 
undue expenditure by flagging each infected bush at the time of 
plucking, and spraying it thorouglilv witli i % Burgundy mix- 
ture with rosin adhesixe. There are howex'er some areas, fortu- 
nately few, on whicli the conditions are so faxmi ruble to the 
fungus that the above method is impracticable. Further exi:)eri- 
ment is required to find tlie most economical treatment on sucli 
areas. 

Disk ASP ox Skkdi.ixos. 

Furtlier experiments were carried out this year on the con- 
trol of Felworms on tea seedlings. The two separate areas used 
last year were again marked out in squares 2 ' x 2 ' separated from 
each other by 1 . The holes were made exactly in the same posi- 
tion as in the last year. The soil in each square was remoyed 
to a depth of 6'' and placed in one lieap. This soil was mixed 
with I /5th of its bulk of surface soil from an area where cowi>eas 
were badly attacked by iCelworins last year. The soil was then 
replaced in the holes, Ivach area contained latiii .squares of 
4 plots X 4 plots. Three of tlic series in one latin square iu each 
of the areas were treated with calcium cyanamide @ 8 mds., 
10 mds. and 12 mds. per acre respectix ely. The calcium cyana- 
inide was mixed thoroughly witli the 6" of soil in each hole. The 
three treatments and a check were repeated 4 times in each square. 
The remaining 2 latin squares of 4 plot.s x 4 plots each were treated 
with Neem cake 2 oz., Lysolid 2% solution gallon, and boiling 
water gallon per plot. The three treatments and a check 
(which was treated with gallon cold water) were repeated 
4 times in each square. All the plots were shaded. 

100 germinated seeds were planted in each of the square 

plots. 
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When the seedlings were four months old they were dug up 
and examined. The results are as follows : — 


;Total Eel- 
; worm in- 
• fection, 

i 1 

ii 7 1 wmicn would 
attacked 11 

, , ihave probab- 

plants. ! , • j 

^ ly survived. 

Average 
weight of 
plants in 
gins. 

i 

A. Calcium cyauamide 12 
mds. per acre. 

115 

12-8 ' 

77 

5-01 

B. Calcium cyanainide ' 
10 mds. per acre. 

126 

14a 

76 

4*72 

C. Calcium cyauamide 

b mds. per acre. 

144 

20-6 

71 

4-79 

D. Nil. ... 

1B0 

11-1 

80 

4’ 78 

E, Neem cake 25 mds. per 
acre. ... ... 

141 

14*2 

74 

4-79 

F. A disinfectant solu- 

tion at 5000 gallons ^ 
per acre. ... 

107 

9*9 

65 

4*24 

G. Hot water 5000 gallons 
per acre. 

1 139 

14'5 j 

78 

4-33 

H. Cold water 5000 gal- 
lons per acre. 

166 

27-1 

66 

4-10 

Significant difference 
p = *05 ; 

^ i 

48 

None ! 

None 

None 


A, B and C treatments were applied in September, 1934. 

E, F, G and H were applied one week before sowing. 

It will be seen that none of the treatments had any appre- 
ciable effect on the Eelworms, The very heavy manuring also 
had no effect on the weight of the plants or the percentage of good 
plants. The amount of disease other than Eelworm was also 
estimated but no differences were observed. The number of 
leaves produced also failed to show any difference. Further 
experiments will be carried out next sowing season to ascertain 
the effect of heat applied to the soil in various ways. It may be 
pointed out that all the plots were shaded, as in pre\dous experi- 
ments, it was clearly shown that shading reduced the damage 
done by Eelworm. In spite of the heavy infection, between 60 
and 70% of the seedlings would probably have become good 
plants. 
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Experiment on Seehction of Seedlings. 

The plot of bushes originally planted from the seed of two 
individual trees, one Assam and the other Burma, was plucked 
as in previous 3"ears. It was previously reported that at the time 
of thinning out alternate plants the weights of the plants 
remo\'ed showed that those which had tlie fewest .serrations on 
their first serrated leaves had made the best growth. Later, 
further thinning out was necessary and all the bushes from the 
Assam indigenous trees were taken out lea^dng those from the 
Burma tree onh^ The plants which originally had the fewest 
serrations then appeared to be going ahead of the others but this 
progress had not been maintained. The weight of leaf from the 
bushes which had highest and lowest numbers of serrations on 
their first lea\^es respecti\'ely is now about the same while tliat 
from those having an intermediate number is well ahead and 
likely to continue so. It is evident that this characteristic whicli 
was evident on the early stages is of a temporary nature and can- 
not be taken as indicative of the final stages of development. 

In the course of a holiday the Mixologist took the oppor- 
tunity of visiting the tea growing district between Tam an the 
and Homalin in the Upper Chindwin district of Burma. In this 
area the tea is grown for pickling not for drinking purposes. 
The tea ordinarily in cultivation was of a dark leafed type but 
there are a number of different types also present both in the 
cultivated areas and in the jungle. In the short time available 
only two types were collected and no flowers or seed were avail- 
able. The area in which the tea plant grows appears to be 
limited to the neighbourhood of the Chindwin. Only one tea 
plant (probably introduced) was seen in the course of the 
journey through the mountains. The soil and type of jungle 
was such that it is unlikely that wild tea is present in that area 
or in the adjoining unadministered area round Sarameti. It is 
probable however that more wild tea would be found further up 
the Chindwin. The Vernay-Hopwood expedition whom the 
Mycologist met at Homalin have found that in the case of certain 
mammals the Chindwin river itself formed a distinct boundary 



( 22 ) 

between two varieties of the same species. It seems worth while 
to ascertain whether the varieties of wild tea are divided simi- 
larly. It seems probable that a survey of this area would reveal 
a number of new l arieties some of which may be valuable, parti- 
cularly in areas where a very dry cold iveather is succeeded by a 
period of very heavy rain, 
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BOTANICAL. 

The tea shoot goes throiigli alternating periods of growth 
and dormancy during the course of a season. The number of 
periods of growth of one terminal bud, during one season, never 
exceeds five, and is less in most cases. The following table illus- 
trates the percentages of shoots which go through different num- 
bers of growth periods during a year : — 


Number of fjrowth 


Niimher of slioot.- 


periods. 


Kharikathi Jat. 

Burma Jut. 

One 


10(1 

100 

Tavo 


08 


Throo 


:i9 

1 10 

Four 


7 

0-5 

Fivo 


0 

0-0 


The figures are for mature trees, un pruned and unplucked. 
A pruned bush if left un plucked makes more growth in the later 
periods and 5% of the shoots may be expected to centinue growth 
until the end of the fifth period. If a similar bush is j)lucked 
so as to obtain leaf for manufacture, then this increased vigour 
of the pruned bush is transmitted to the axillary buds which are 
stimulated into growth by the act of plucking. 


The term ‘‘flush” has been applied to the amount of growth 
made by one terminal bud between two snccessi^•e hanjhi * 
periods. When the hanjhi buds “come-away” small prophylls 
(commonly known as janams) with abbreviated iiiternodes arc 
first produced, and these serce to mark off, on the stem, the suc- 
cessive flushes. 


Shoots making their first flush of the season all do so within 
a certain period of time : this is the first flush period of the 
year. There is a similar correspondence amongst different 

shoots in the time at which the second and succeeding flushes 
are made. It has been found that the flushing of the tea bush 


* X terniihal bud in A dormant condition is usuallv spoken of hanjhi. 
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tliay be represented by a series of curves as given in the figure 
below. — 




The solid line represents, at any moment, the total number 
of shoots which have “come-away” for a new flush, c,g,, the 
continuous curve marked I denotes the number of shoots which 
have commenced their first flush of the season ; the continuous 
curve marked II similar^ indicates the total number of (the 
same) shoots which have commenced their second flush of the 
season.* The broken lines give the number of the same shoots 
which have gone banjhi at any particular moment, curve I repre- 
senting the first time banjhi, curve II the second time banjhi and 


♦—expressed as a percentage of those which are going to come-away : this 
tnakes all the curves of the same height and simplifies the illustration. It is 
evident from the foregoing that, to represent every shoot, (both those which will 
grow and tlM)se which will not grow) the curves should diminish in height 
from one flush to another bo that the last ordinate of the fifth flush becomes 
about 5 per cent, of the last ordinate of the first flush. 
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0 on. The positions of these curves in relation to each other and 
their relative slopes thus enable one to make a very exact analy- 
sis of the phenomena of flushing. Typicallv, each banhji curi e 
may be regarded as beginning and ending at a point, on the pre- 
ceding and succeeding flush cunes, which marks the change 
between an increasing and a diminishing daily increment (the 
records being made daily). The figure is to be regarded as dia- 
grammatic only. It will be seen from the diagram that the rate 
0 us 1 of the bush rises and falls in a periodic manner. Work 
is proceeding along these lines, particular attention being paid to 
tie analysis of factors involved in crop production. 


In the cultn-atioii of tea, wherebi- new growth is repeatedly 
removed from the bush, the problem of flushing is intimately 
bound up with that of regeneration. Plucking the bush at suc- 
cessively later intervals results in the formation of shoots which 
teach a corresponding stage of deielopment after a much shorter 
period of growth : the return to a longer period of regeneration 
!s conditioned by tlie inherent flush periods of the bush. The 

ollowing table illustrates the shortening of the regeneration 
period : — 


Day8 late plucked. umber of days by 

Plucking date expressed ?^^uciated shot)ts reached | which the growing 
as days after “ Zero ' conditioi)— ; jteriod of the regenerat- 

pl licking date.” cx[ue.>scd as (lays after ; od shoot has been 
‘‘ Zero banjhi date.” | shortened. 


0 : 0 
10 IH 

21 35 


0 

28 

56 


Length of ilie grossing period of the regenerated shoot when a mother shoot 
s ptucked a different times. -Zero dare" for plucking coincides 

; ' a ^ date is the ^n,e tlhch sLts 

regenerated under the influeuee of plucking at “Zero plucking date”, 'vent ba^hi’ 


If a bush IS pruned and then left to grow implucked for the 
rest of the year, the flush periods of this pruned bush do not 
necessary correspond with the flush periods of a similar bush 
which has never been pruned. But the crop production of a 
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bush which is plucked at regular intervals has been shown to be 
associated with the flush periods of a similar pruned but un- 
plucked bush. It has also been shown that the common usage, 
amongst planters, of the term ‘‘flush’’, agrees with the definition 
given above : when the planter speaks of ‘'a good second flush” 
he is referring to an amount of growth made during the second 
growth period (or flush period) of the year; similarly, by “dur- 
ing the second flush” is meant “during the second flush period*\ 
The physiological activities of the tea bush may be correlated 
with its flush periods and one may enumerate changes in crop, 
response to pruning and to plucking, haimess of the leaf (and 
consequently “tip” producing capacity), almost certainly bac- 
teria on the green leaf and chemical composition of the leaf, as 
being closely correlated with the flush periods. The sum total 
of changes in all these factors must have its reflection in changes 
in the quality of the manufacUrred tea. Rather than saying that 
the physiological activities of the tea bush may be correlated 
with its flush periods, it would be more exact to say that the 
flushes are a structural reflection of underlying phyisological 
activity. 

From the point of view of practical scientific investigation 
the flushes have the valuable advantage of being easily and 
quickly measured. The following dates are derived from deter- 
minations made on the Burma plot at Tocklai during 1935. This 
plot was clean pruned in December 1934. 


Flush. 


f- " 

I 

1 Ended on 

First 

Coming away from pruning : 

i 105th day of year ue. 

Second 

tipping. 

mid-April. 

Second flush ” leaf 

l^^Sth day of year i.e. 
beginning July. 

Third 

Mid-st‘ason leaf 

270th day of year i.e, 
end September, 

Fourth 

Late season leaf 

320th day of year i.e, 
mid- Nov ember. 

Fifth 

End of season leaf ... 

360th day of year i.e. 
end December. 
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From the point of view of application to other jats and other 
conditions, the abo^'e figures must be regarded as a rough approxi- 
mation ; the end of the flush period may \ ary from \^ear to year 
and is not necessarily the same for different or for different 
districts. From a purely physiological point of view the time 
scale seems to be primarily a scale of flush periods and the more 
orthodox time scale to be of secondary importance. In attempt- 
ing to correlate any change in characters of the plucked leaf with 
flush periods a certain amount of ^Mag” one way or the other is 
to be anticipated, and it must be largely a matter of judgment 
as to what constitutes a reasonable degree of corres- 
pondence between any observed change in the plucked leaf 
and the duration of the flush periods as determined from 
check bushes. In addition to the periodic changes in phy- 
siological activities, such as crop production, there are perio-- 
die changes in the structure of new leaves and these latter changes 
may also be correlated with the periods of flush. For example, 
the densitj^ of the hairs on the back of the tea leaf varies consi- 
derably at different times of the year. The “tip’' of manufac- 
tured tea has been shown to be dependent upon the amount of 
hair and it is likely that the “quality” of manufactured tea, as 
something quite independent of “tip”, is also to be correlated 
with the amount of hair present on the leaf. The amount of 
hair at a particular time has already been shown to vary from 
jat to jat and subsequent investigations have established the 
nature of the seasonal variations in hairiness for each of three 
jats. Samples of the plucked leaf were examined at every 
other plucking round during 1933. The density of the hairs 
(number of hairs per unit area) for each of the three jats is 
given below : — 


Month, 

Plucking 

round. 

1 Botjan. 

Tinganiira. j 

j KalUno. 

March 

1 

31-70+1-58 

j 

42'34±2*37 

April ... 

! 3 

36-66+ 1-18 

i 49*78+ 2-46 

54*40+1*98 

5 

31-58±1-10 

1 6F10±2‘98 

i 

1 62*56 + 2*70 
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Month, 

1 

i Plucking 
; round. 

! Botji 

m. 

Tingamira. 

Kalline. 

May 

[ 7 

45-34 

1-64 

: 51-94 

2-85 

61-36 

3-33 

y 

99-5i 

2-73 

77-10 

3-77 

83-30 

3-40 


i 

I t>b-t^2 

2-58 

: 71-50 

4-01 

82-84 

2-76 

June 

13 

96-40 

2-46 

; 99-90 

3-85 1 

86-30 

2-95 


15 

119-86 

3-ltl 

95-00 

4-04 1 

: 97-90 

3-85 


: 17 

117-64 

2-88 

76-20 

2-9 7 

1 72-28 

2-10 

July 

19 

^ 92-60 

4-30 

^ 81-20 

3-14 

87-22 

2*46 

21 

S8-3ti 

1-77 

82-10 

3-44 

81-94 

2-64 


23 

;iii-76 

3-21 

; 74-74 

2-J6 

, 74-26 

2-97 

August 

25 

^ 98-44 

■MG 

i 78-20 

3-13 

1 72-28 

2-28 


1 

97-66 

342 

i 65-20 

2-10 

69--16 

2-46 

September ... 

29 

: 93-10 

3'ti(j 

1 74-20 

2-79 

76-60 

2-61 


31 

’ 76-90 

2- 11; 

69-46 

2-49 

72-94 

2-64 

October 

33 

102-10 

4-05 

62-74 

2-19 

64-24 

2-07 

■ j 

35 : 

88*72 

3-27 

57-40 

2-19 

67-18 

2-13 


37 

81-58 

3-12 

68'80 

2-85 

67*78 

2-16 

November ' 

39 

86’26 

3-45 

75-20 

3-01 

64*66 

2-49 


41 

77-56 

2-91 ' 

81-70 

3-03 

77-98 

3-03 

i 

43 

i 

90-7(i 

3-00 ■ 

j 74-08 

2-49 

67-18 

2-76 


No examination was made of Tinganiira at the time of the 
first plucking and the corresponding figures for Betjan and 
Kalline are omitted from the final analysis. The leaf from the 
first plucking consisted entirely of tippings. The unit area 
is a square with a side of ^ 3.69 mm. Two such areas are 
examined at the widest part of each leaf (and both on the same 
side of the leaf) one being adjacent to the mid-rib and the other 
adjacent to the serrations. Fifty leaves of the same age consti- 
tute one sample. 

The results are expressed graphically in the following 
figures which clearly demonstrate the existence of regular 
fluctuations in hairiness. The fluctuations in Betjan do not 
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x)incide with the fluctuations in the other two jots and the 
figures for Betjan are thenefore plotted separately. The sug- 
gested relationship with flush periods is indicated on each of 
the two figures. 




The determination of all the different degrees of hairiness 
during one season under practical (and identical) conditions of 
plucking makes possible the determination of the average 
degrees of hairiness of the jats examii?ed. The mean values ; 
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analysis of variance and the statistical significance of the differ- 
ences are given below : — 


Jat. I Mean degree of hairiness. 


Betjan 


85-14 

1 

Tiugamira 


72*34 

Ivalline 

1 


73*05 



Analysis of variance. 


V arianoo 
due to ■ 

Varianoo. 

Degree of 
freedom. 

1 Mean 

1 variance. 

log e mean 
variance. 

Jats 

2176'222 

2 

1088*111 

3-4901 

.. 

Pluckings ... 1 

11383-079 

20 i 

! 569-153 


Residual 

5221*112 

40 

130-527 

2-4358 

Totiil 

18780-413 

d2 

... 

1*0603 


Degree of significance. 



Betjan 

1 Kallino 

T ingam ira 

Betjan 


; (<-oi) 

; (<-01) 

Kallino ... 

<01 


■ ( <-9) • 

Tingaraira 

<01 

1 

... 


The analysis shows Bet j an to be significantly more 
hairy (by approximately 17%) than either of the other two 
fats, but gives no indication of any difference between KalHne 
and Tingamita, 
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BACTERIOLOGICAL. 

The yearns work has resulted in a considerable advance in 
our knowledge of the bacteriology of tea. The fact has already 
been established that the bacteria usually responsible for infec- 
tion in the factory are non-sporing organisms^ producing col- 
ourless colonies on laboratory culture media, and similar bac- 
teria have also been found on fresh leaf plucked under aseptic 
conditions. The w^ork of 1934 showed that a considerable dis- 
crepancy existed between the numbers of these bacteria present 
on leaf in the field and the numbers present in rolled leaf in the 
factory. Thus during May and June 1934, fresh leaf showed 
on the average some 500,000 non-chroniogenic bacteria per 
gram, while rolled leaf from the Tocklai factory contained less 
than 10,000 per gram of these organisms. It was suggested 
that certain of these species might be suppressed during manu- 
facture. 

The accurate determination of the non-chroniogenic bac- 
teria occurring on the tea shoot and of their subsequent behavi- 
our in manufacture has been a matter of difficulty in the past 
owing to the large numbers of chromogenic tea bacteria which 
are always present on the shoot. Previous attempts to devise 
a differential medium which would suppress the tea bacteria 
while allowing the non -chromogenic types to develop have been 
unsuccessful. Research work during the early part of 1935 
was therefore directed towards the production of a differential 
medium of this type. 

This was finally obtained, so that three different groups of 
bacteria are now recognised and are for the time being desig- 
nated as Blue, OB and 0 . Each of these types may represent 
more than one species. The finding of this satisfactory differ- 
ential medium has made it necessary to re-examine the whole 
question of bacteria on the shoot and their subsequent behaviour 
in manufacture, and this work has occupied the attention of the 
Branch throughout the greater part of the year. The results 
quoted below will not necessarily be given in chronological 
>rder. 
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111 reading the following sections dealing with the natural 
occurrence of bacteria on the. shoot and the behaviour of these 
bacteria in manufacture, it is important to bear in mind that the 
figures gi^’en represent the results of a single season, and that 
the leaf in question came from the unshaded areas at Tocklai. 
The fact that the more deleterious species of bacteria do not 
occur in quantity on the leaf under these conditions must not be 
taken to mean that these bacteria are always absent under com- 
mercial conditions. Thus in 1931, the leaf from a garden in 
the Sibsagar district was found to carry considerable numbers 
of a bacterium which was proved, by direct experiment, to be 
responsible for the production of ' dull infused leaf and soft 
liquors. The effects of shade, mosquito, red spider, greenfly or 
aphis attack, contamination in plucking and many other factors 
have yet to be studied. The question of infection during 
withering, particulariy during wet periods, also requires inves- 
tigation, for in some cases this may be important. Bamboo 
withering trays have in two instances been found to conxev a 
taint to the leaf and the same occur on occasion with the 
usual commercial systems. 

The years work represents the commencement of a scheme 
of which the final aim is the elucidation of all facts connected 
with bacterial infection. Bacterial infection has proved to be 
a frequent cause of loss of the quality inherent in the leaf, and 
until this factor is fully controlled, attempts to improve the 
quality of the leaf may be largely wasted. 

Bacteria on the Shoot. 

Up to the early part of March it had been established that, 
apart from the Tea bacteria, two different groups of bacteria 
were present on the tea shoot, one producing alkali and blue 
colonies on B.T.B. medium, and the other producing acid, and 
orange colonies, with a tendency for acid production to be slight 
in presence of an adequate air supply. The latter species was 
distinct from the O species occurring in infected leaf in fac- 
tories. On March 13th, however, both OB and O bacteria 
were found on two different samples of leaf, the O. species be- 
ing similar in general characteristics to the Factory bacteria. 
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This finding has been confirmed at intervals throughout the 
year, more especially in mid season, the 0 species appearing 
in small numbers on leaf plucked under aseptic conditions. The 
theory de\^eloped early in the 3'ear, that factory infections arise 
from external contaminations and not from bacteria brought in 
by the leaf, is therefore no longer tenable. It will be shown 
that under certain conditions 0 types can occur in large numbers 
on withered leaf. 

In general the flora of the tea shoot, apart from the Tea 
bacteria, consists of a large number of Blue bacteria aud a 
smaller number of OB types. A few 0 types are probably 
always present during mid season, but this species appears to 
be almost if not completely absent at the beginning and end of 
the season. 

Out of 13 counts made during March, OB types appeared 
four times, occurring onh^ up to March the nth. For the 
remainder of the month, the flora consisted entirely of Blue 
species : — 


Dato. 

Blue. 

OB. 

Date. 

Blue. 

OB. 

Maroh 1. 

134,000 

uot counted. 

Mareli 12. 

1,860,000 

nil 

f). 

43.000 

^,000 

22 . 

900,000 


7. 

23,000 

nil 

23. 

1,990,000 


8. 

1 631,000 

. nil 

25. ■ 

2,690,000 


11. , 

11,000 

18,000 

26. 

7, 600, 000 i 

■ 

11. 

'2, 0(H) 

22.000 

j 28. 

220.000 

- 

('’nil” represents less than 10 bacteria 

per gram of leaf.) 


OB types were recorded once in the first six counts in 
April, after which these bacteria were found in all but five of 
the 54 counts on fresh leaf made up t^the end of October. From 
the middle of April, to the end of June the OB count averaged 
49,6cto per gram of leaf, excluding two high counts of 1,100,000 
and 270,060. During July and August the a\'erage OB 
xjontrt ^ell to 4,360 per gram, this figure also including O types', 
^gnfts Were obtaififW in Sep^^Ber add 'October. The 
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Blue count was generally high until the end of May, fre*^ 
quently totalling over 1,000,000 per gram. From this time 
onward lower figures prevailed, the count only once rising over 
500,000 per gram. 

The above counts were made on bulked samples of material 
weighing 10 grams. When individual shoots from the same 
bush were plated, an interesting fact was revealed, for the 
Blue and OB species were found on different shoots. The 
two species have so far never been found occurring together on 
the same shoot : — 


Date, 

Shoot No. 

Blue types per gin. 

OB types per gram. 

11 - 5 . 35 . 

1. 

1,340,000 

nil** 


2. 

2,500,000 

nU** 


3. 

nil* 

330,000 

15-5-35. 

1. 

195,000 

nil** 


2. 

42,400 

nil** 


3. 

1,850,000 

nil** 


4. 

nil* 

340,000 


5, 

nil* 

4,000 

27-5-35. 

1. 

nil* 

500,000 


2. 

060,000 

nil** 


3. 

360,000 

nil** 


4. 

120,000 

nil** 


5. 

150,000 

nil** 


6 . 

24,000 

nil** 

1- -35. 

1 . 

800 

nil** 


2. 

nil** 

nil** 


3. 

nil* 

7,600 


4. 

300-000 

nil** 


5. 

22,000 

uU** 


6. 

1,300 1 

nil** 


♦Nil represents less than ivooo bacteria per gram of leaf. 
*♦ Nil represents less than lo bacteria per gram. 


Bacterial Changes in the Plucking Basket. 

The idea that important bacterial changes may take place 
between plucking and the time when the leaf is spread out for 
withering was only developed at the end of the 1935 season, 
and in consequence the experimental results are soniewhat 
jneagre. It has shown however that the treatment accord- 
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id to the leaf immediately after it is plucked may have a consi- 
lerable effect on the bacterial population. The first indication 
this was obtained during a visit to a garden in Upper Assam, 
»^here withered leaf was found to enter the factory with a high 
)acterial count, 7,000,000 per gram being recorded on one 
>ccasion, some 60% being of the O type. The only, factor 
vhich could be held in any way responsible was the damaged 
md heated condition of the leaf at the time of delivery to the 
eaf houses. 

Experiments were therefore instituted at Tocklai to deter- 
nine what effect crushing or overheating of fresh leaf was likely 
;o produce on the bacterial population of the shoot. In these 
experiments, the count was confined to the OB and 0 species. 

The method employed was to fill one basket loosely with 
eaf, a second basket being tightly packed with leaf from the 
same bulk. At the end of 5^^ hours, temperatures were taken 
n the middle of each basket, and samples of leaf from the centre 
)f the mass were withdrawn for the count. Results were as 
bllows : — 


No. i 

Condition of 
loaf 

! 

1 

Packing of i 
Sample 1 

Temperature 

Bacteria per 
gram (OB & 0) 

1. 

Fog wet 

Loose 


10,200 


Tight 

34°C 

120,000 


Dry 

Loose 

27-5°0 

' 1,000 


Tight 

40'’C 

31,000 

3. 

Moistened 

Loose 

27®C 

19,000 


with water 

Tight 


153,000 

4, 

Fog wet 

Loose 

23®C 

7,600 


Tight 

nK) 

160,000 

5 

Fog wet 

Loose : 

23'’C 

10,000 


Tight 

33-5°C 

14,000 

6. 

: Fog wet Leaf 

Loose j 

24-5®C 

4,600 


I not damaged 

Tight 

31®C 

34,000 

- 
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It. will be, noted that, the greatest, relative increase, in. bac- 
teria and in temperature occurred when the leaf was dry (No. 2), 
so that the phenomenon cannot be attributed to surface mois- 
ture, as was first thought possible. In experiment 6 the leaf 
was not unduly damaged during packing but this has not avoided 
a seven-fold increase in bacterial numbers. The effect is at 
present considered to be due to ‘‘sweating’* whereby the film 
of sugars, etc., on the surface of the leaf may be largely in- 
creased if fresh leaf becomes overheated in a confined space. 

Substantial support is given to this theory by the last 
experiment of the year, in which leaf, after 5^ hours in baskets 
as before, was spread out to wither for a further 17^^ hours ; — 


A Loose j B, Tight 


Initial Count ... .5,500 per gram 5,500 per gram 

After 5^ hours in basket 7,300 „ „ (24^0) i 95,000 „ „ (36®C) 

After withering 17^ 

hours. ... i 95,000 ,, ,, 13,700,000 „ „ 

The leaf was slightly fog wet at the start, and was further 
rnoistened with sterile water. The rise from 7,300 to 95,000 
in sample A is consistent with the bacterial increase normally 
taking place in wet leaf allowed to dry during withering, but 
the increase from 95,000 to 13,700,000 in sample B over the 

same period, suggests an increased food supply to the bacteria 

concerned . 

Unfortunately the termination of plucking has prevented 
further work on this subject, and a more complete examination 
must be reserved for the coining year. 

Bacterial Changes During Withering. 

Earlier work (Annual Report 1932) has shown that bacterial 
changes during the withering of dry leaf are not of an order 
likely to affect the teas during subsequent manufacture. If wet 
leaf is allowed to remain wet during the withering period a large 
increase in bacteria takes place. 
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Bacterial changes during withering have now been sub- 
mitted to a preliminary examination with the B.T.B, medium 
rand some important facts have been evolved. 

Withering of Dry Leaf, 

This subject requires further study, for although no wide- 
jspread changes diave, been observed, bacteria before and after 
Withering show some irregularity, withering being accompanied in 
«ome cases by an increase, and in others by a decrease in bac- 
terial numbers. During the very early part of the season a 
flight decrease in bacterial numbers during withering is general, 
Mdiile during the second flush bacteria tend to increase during 
this process. It appears possible that the increase or decrease 
SJs regulated by the vapour tension of the atmosphere, which 
|nay determine the rate at which moisture evaporates from the 
pFolds of the bud. Sampling errors and the difficulty of dis- 
lodging bacteria from partly opened buds may also play a part, 
land since the bacterial numbers have not been calculated on the 
^vy weight of material, an average increase of 40% must be 
^xpected during withering owing to the percentage increase in 
pry weight of the material consequent on loss of moisture. It is 
probable however that the sampling error is sufficiently great to 
piscount a variation of this order. Representative analyses are 


§fiven in the table below 




Date 

Sample 

OB 

Blue 

' 

. 


April 25th 

Fresh leaf , . . 

17,000 

273,000 

* approxi- 

Withered ... 

2,000 ♦ 

112,000 j 

mate 

1 2^t)l j 

Fresh leaf . . . 

' nil* 

376,000 ^ 

* less than 

: 1 

1 i 

Withered . . . 

! nil* 

j 

108,000 : 

* lf«s than 
1000 

[May 3rd . 

f ! 

i- ' 

r , 

Fresh leaf ... 

1,100,000 

320,000 

i 

i 

1 Withered . . . 

820,000 

800,000 



r 
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Date 

Sample 

OB 

Blue 


May 4th 

Fresh leaf . . . 
Withered ... 

400* 

600* 

2.040.000 

7.400.000 

* approxi- 
mate 

„ 6th 

Fresh leaf ... 
Withered ... 

1,080 

1,200 

1,900,000 

2,000,000 


„ 18th 

Fresh leaf ... ^ 
Withered ... 

52,000 

I 290,000 

2.690.000 

2.060.000 

... 

„ 29th 

Fresh leaf ... 

1 W ithored . . . 

1 

11,100 

63,000 

190.000 

430.000 

... 

June 1st 

Fresh leaf ... 
Withered ... 

nil * 

3,000 

31,000 

123,000 

* less than 

10 


Comparative figures for fresh and withered leaf Mere not 
taken after early June, the time of the Branch having been occu- 
pied with other investigations from this date. 


Withering of Wet Leaf. 

Here again investigations n^ere designed to amplify the 
information already obtained Muth non-differential culture media. 
The results confirm those already announced, but show in addi- 
tion that the bacterial increase in leaf which stays M’et during 
the withering period is largely confined to the species poten- 
tially injurious to quality, “quality’' being used in a general 
sense, and not as a term descriptive of any one feature. 

The method of study has been, as before, to divide a sample 
of wet leaf into two parts, one being allowed to lose its surface 
moisture by exposure to the normal atmosphere while the other 
is maintained in a saturated atmosphere to p^e^^ent evaporation 
of free water from the surface of the leaf. In a few experi- 
ments made in June and July, atmospheric conditions were 
such that surface water was not lost from exposed leaf, and 
both samples gave an approximately equal rise in bacterial 
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amters. The results of such experiments are omitted from 
le figures given below : — 


Dato Sample. 

T' ■ ■' 

! OB and 0. 

Blue, 

i\y 4t;h ... Fresh wet leaf 

... : 690 

34,000 

Allowed to dfy 

80,000 

260,000 

Kept wet 

1,120,000 

500,000 

ilv 31st ... Fresh wet leaf 

16,000 

163,000 

Allowwl to drv 

46,000 

23,000 

Kept wet 

3,800,000 

900,000 

gust 1st . . , F rosli wet leaf 

730 

60,000 

: Allowed to dry 

250,000 

400,000 

Kept wet 

... 13,200,000 ; 

260,000 

ugiist 2nd ... Fresh wet leaf 

... : 90 : 

193,000 

Allowd to drv 

... ; 290 

523,000 

: Kept wet 

... : 310,000 

620,000 

agasfc 5th ... ' Fresh wet loaf 

... : 330 

no! taken 

1 Allowed to dry 

127,000 

y. 

■ Kept wet 

1,780,000 


bgust 8th ... Fresh wet leaf 

330 

not taken 

i Allowed to dry 

4,790 

,, 

1 j Kept wet 

1,390,000 j 


1 The noticeable feature of this series is the great increase 

1 bacterial numbers in wet leaf allowed to remain 

wet and the 

let that this increa.se is largely confined to the 

OB and 0 

lecies, the Blue types apparently having little opportunity of 

liking use of the favourable 

growth conditions , 

when more 

feve species are present. 



1 A more important fact is that when wet leaf : 

remains wet^ 

ly 0 bacteria which may be present, develop rapidly with the 

?ult that after 24 hours, the greater part of the bacterial flora 

lisists of 0 . types. At the time of experiment 

it was not 

fesible to make accurate 

differential counts of OB and 0 

but it was recorded that, in the experiments of July 17th, 

^ and 31st, the flora of 

the samples remaining wet for 
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24 liours consisted almost entirely of O types, although these 
bacteria were not observed in the fresh wet leaf. 

The O types include certain species known to be cap- 
able of producing dull infused leaf and soft liquors, and their 
rapid development in wet leaf appears to be a matter for con- 
cern. It is of course possible that these bacteria, having deve- 
loped under starvation conditions, may be less active in their 
subsequent attack on tea constituents than their relatives on the 
factory floors and machinery. 

Bacterial Changes During Manufacture. 

The determination of bacterial changes during manufac^ 
ture has hitherto been prevented by difficulties in technique, 
which have now been largely eliminated by the development of 
the B.T.B. medium. The avoidance of all bacterial infection 
during the roll is however still an unsolved problem and the 
system of rolling itself prevents bacterial counts being obtained 
within the first few minutes of juice expression, for much of the 
leaf has suffered no damage at this stage of the process. 

A new system was therefore adopted for the 1935 experi- 
ments, withered leaf being passed through an ordinary house- 
hold mincing machine as a substitute for rolling. In this pro- 
cess the leaf is cut and torn and is subjected tc considerable 
pressure with expression of juice. A fairly even fermentation 
results with a few fragments remaining green. The fired tea 
has a poor appearance and valuation would probably be difficult. 

The first manufacture was made with leaf carrying only 
Blue types, and a heavy fall in numbers was recorded after 
4 hours fermentation : — 


Sample. 


Blue ty'pps per gram. 


Withered leaf 
Fermented 4 hours 


:b 120,000 
13,000 
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After 24 hours fermentation » no bacteria were found, but 
moulds were present in small numbers. The leaf was bright 
and sweet at the end of this time. 


A similar result was obtained from a second manufacture, 
but in this case the OB type appeared in small numbers after 
24 hours fermentation, the leaf again being bright and sweet. : 


Biictoria per graju. 


kiiupk*. 


Bhio. 


OB. 


Withered leaf 
fermented 2 hours 

i 

24 : .. 


2,400,000 I nil 

10,400 f ;ti/ 

i 

nil I 84,000 


t A comparison between leaf rolled in the factory and minced 
in the laboratory was next undertaken : — 


1 Sample. i 

Blue. j 

OB. 

Withered leaf 

( 354,000 

160 

^Iled and h^nnented 4 hours 

nil 

2,900 

Itinoed and fermented 4 hours 

I nil 

3,640 


I Blue species had completely disappeared at the end of four 
pours fermentation, while the OB type was present in approxi- 
|iately equal numbers irrespectiye of treatment. 

Comparison between rolling and mincing has been made 
several other occasions with similar results ; so far as bacteria 
|re concerned there does not appear to be any great difference 
etween these processes, and mincing has therefore been adopted 
the standard procedure in experimental work. 
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Thirteen experiments between April 13th and May 23rd 
showed results similar to those already given. In these, how- 
ever, the appearance of OB types as the season advanced, 
enabled the study to be extended. Typical results are given 
below. In these figures and in subsequent tables, the appear- 
ance of no bacteria of a particular type is not recorded as ^^nil'^ 
since a few bacteria might have been detected had a lower dilu- 
tion been possible. *Xess than 200** indicates that no bacteria 
of the type in question were found at a dilution of i :200. 


Date. 

Sample. 

Bacteria 

per gram. 

OB. 1 

i 

Blue. 



April 23rd 

... i Withered 

2,000 : 

112,000 

i Formentcd 2 hrs. ... 

1,400 

800 


• i „ -i ... 

4,800 i 

1,200 

April 30th 

... Withered 

820,000 i 

800,000 

: Fermented 2 hrs. ... 

90,000 1 

Less than 200 


; „ 4 ., ... 

66,000 ■ 
1^ 

»» 

May 2nd 

... Withered 

1,200 

2,020,000 

Fermented 2 hrs. ... 

7,400 ' 

10,000 


1 . I . ... 

14,000 : 

4,000 

May 13th 

... ' Wet leaf withered ... 

1,240,000 : 

3,100,000 


^ Fermented 2 hrs, ... 

i 1,140,000 i 

Less than 2,000 


! . I . ... 

: 1,300,000 ^ 

jj 

May 16 th 

... j Withered 

290,000 

2,060,000 


i Fermented 2 hrs, ... 

68,000 i 

• Less than 200 


4 „ ... 

74,000 : 


May 23 rd 

... ! Withered 

i 430,000 1 

1,660,000 


! Fermented 2 hrs. ... 

1 

1 4,400 

1^400 

4 

I 7? ^ 

2,560 

Less than 


The determination of bacterial changes during manufac- 
ture was next undertaken over narrower intervals of time, 
counts being made immediately after mincing and at several 
stages during fermentatiop. The destruction of the Blue 
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species was found to occur iniinediately after the expression of 
juice : — 


i . 

B. 

c. 

Withered 

430,000 

mfioo 

4,670,000 

Minced 

; Less than 20 

0.400 

20,000 

Fermented | hr. 


400 

^,000 

1 


000 

1,400 



000 

ooo 


yoo* 

liOO 

ooo 

4 

1 000* 


000 






Tlie disappearance of the Blue t3^pes has been observed in 
all manufactures throughout the year, but actual counts of these 
bacteria were not taken after the end of June, since they were 
considered to be of no importance in manufacture. Approaching 
|he matter from a bio-chemical stand -point, however, it appears 
lhat this conclusion is somewhat premature, for although the 
SJestruction of the Bine types during the early stages of manu- 
Jacture ma\" mean that these bacteria can play no part in the 
Infection of machinerv, the death of the bacteria does not pre- 
ilude the possibilit}^ of their enzvmes playing some part in fer- 
Inentation. 

I The immediate effect of juice expression on the OB 

i pecks has shown irregularities, a considerable depression in 
lumbers occuring in some instances, in others a slight fall only 
ind in certain cases, an increase. The change does not always 
pccur immediately after the expression of juice. The difficulty 
^ obtaining a true sample probabh’ accounts for much of this 
riation 


Vithereil 

fiiiced 


L- 



A. 

B. 

C. 

D. 


03,000 

3,000 

37,000 

260,000 


8.600 

33,000 

44,000 

20,000 

d i hr. 

1,400 

18,000 

58,000 

4,800 

1 „ 

1,360 

11,200 

54,000 

3,400 

2 „ 

1,380 

10,000 

28,000 

5,000 

3 „ . 

1,420 

7,000 

20,000 

5,000 

4 „ 

1,080 

4,800 

20,000 

1 

2,120 
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Further evidence has thus been obtained in support of the 
hypothesis advanced in 1933 when working with pure tea tannin 
and pure cultures of bacteria, viz., that tea tannin before oxida- 
tion or condensation has taken place, may have a toxic effect 
on bacteria, the toxic factor disappearing when oxidation or con- 
densation has taken place. Juice freshly expressed from leaf is 
highh’ toxic to the Blue species (Achrcmobacter) but has less 
effect on the OB species. Although work on this subject has 
not yet reached a stage at which a definite statement can be made, 
there is evidence that the toxic effect is low during the early first 
flush, high during the second flush, and less during mid season. 
This suggests that the effect may be connected with the tannin 
content of the leaf, which is highest in the second flush. 

The development of 0. types in large numbers on wet leaf 
which remains wet, or which dries off slowly during the wither- 
ing period, introduces the question of the extent of toxicity of 
expressed juice towards the 0. type bacteria. Absolute figures 
are not available, since the possibility of differentiating between 
OB and 0 types occurring on the same plate was not consi- 
dered until the latter part of the season, but general observa- 
tions made on the prevalence of O or OB types during the 
manufactiire of wet leaf suggest that the former are less sensitive 
to the toxic effect of expressed juice : — 

Manufacture of leaf kept wet for 24 hours, 

Bacteria per gram, 


Loaf 

11,800,000 

1,(100,000 ; 

3,000,000 

Miuwnl 

4,220,000 

280,000 

3,000,000 

Fermented 1 hr. 

2,840,000 

190,000 ; 

1,360,000 

• . 1 

3,200,000 

1(16,000 i 

1,440,000 

„ 2 .. 

0,800,000 

236,000 

2,060,000 

„ 3 

5,400,000 

266,000 

2,000,000 

. 4 „ 

: 12,200,000 

306,000 : 

1.620,000 

Species 

Majority 0 

Majority 0 

1 

1 Majority 0 

The comparative behaviour 

of OB and 0 types on replicate 


samples of leaf after different withering conditions is indicated 
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\y the following result, one half of the sample having been 
flowed to dry and the other half having been kept wet over a 
nthering period of 24 hours. 

►Sample allowed to dry. Saiiijdo kojn wot. 



89.000 

310,000 

[inoetl 

vm 

2(18,000 

WiiKuitod 1 hr. 

4-20 

208,000 

4 Ins. 

720 

1,780,000 

Ipocios 

All OB 

Majority 0 


Here the prc\’alence of 0 . types in the “wet’' sample is 
ccompanicd by resistance of the bacterial flora to the toxic effect 
f expressed juice, while the OB types comprising practically 
he whole of the flora in the “dried” sample suffer heavy loss on 
nincing. The fact that the 0 tvpes are increasing by the 
nd of a four-hour fermentation period is also worthy of note. 

During the 1935 sea.son 39 separate manufacturing experi- 
nents were examined in this manner for bacterial changes. It 
s not proposed to give the results of all experiments, the figures 
dread}" quoted being indicative of the main facts which have 
►een evolved. 

Summarised these are : — 

(1) . Apart from the Tea bacteria, three types of bac- 

teria occur on fresh leaf : these are denoted as Blue, 
OB and O, on account of their growth character- 
istics on B.T.B. (Bromthymol Blue) medium. 

(2) . The 0 . types, which resemble the species usually 

found in factory infections, may increase to a great 
extent under certain conditions of handling before 
withering, and under certain conditions of wither- 
ing. The development of 0 . types before manu- 
facture is importmit. 

(3) . The Blue types disappear almost completely in the 

early stages of rolling. OB types are less affected 
by expressed juice, and the 0 . types still less. In- 
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crease of O. types in rolled leaf can apparenth- 
commence within four hours after the first expres- 
sion of juice. 

(4) . If any O. types are present on the withered leaf, the 

flora at the end of 24 hours fermentation (as in leaf 
residues and expressed juice) consists almost 
entirely of these types. 

(5) . Manufacture under aseptic conditions at Tocklai 

results in leaf containing few bacteria. From this 
it must be assumed that leaf in many factories is 
still exposed to heavy bacterial infection, for such 
leaf frequently shows high counts of bacteria of 
the O. type. 

Examination of the figures for OB and O types in fer- 
mented leaf at Tocklai throughout the year, and comparison with 
counts taken on fermented leaf at ^ arious factories brings out 
this point clearly. 

Tocklai OB and 0 bacteria after 4 hours fermentation. 


Date 

I 

1 

Bacteria per 

Date 

! 

! 

Bacteria i. 

Date 

■ j 

Bacteria 

i 

gm. 


1 

per gnu ; 

J 


per gin. 

April . . . 

Si 

Less than 20 

June. .. 

1 

4,800 Sept. . , 

5 : 

ii,no(i 

4 I 



7 

26,000 

7 ' 

5,100 


6 

2,900 ’ 


12 t 

5,400 

11 ^ 

11,000 


12 

84,000 


13 

11,800 

12 ; 

1,500 


19 

50,000 


19 

2,120 

14 : 

1,060 


25 

4,800 


20 

2,200 

19 

1,290 


26 

200 


24 

1,300 

25 : 

7,000 


29 ' 

46,000 

July,.. 

17 

720 Oct. 

10 

1,120 

May 

2 

40,000 


24 

12,000 

17 

78,000 

3 

66,000 


27 

22,800 

19 

4.400 


4 

17,000 


31 

22,400 . 

24 

520 


6 

14,000 







18 

74,000 

August 

9 

1,700 Nov. 

16 

31,000 


22 

i 24,000 


10 

600 

20 

7,400 


27 

1 2,560 


14 

1 3,460 

28 ^ 

300 


29 

1,080 


23 

1,430 

j 




! 


28 

320 
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^ei^ Fa^es^teria after 3-4 hours fermentation. 

Bacteria per gram. 


ptember 1935 



J. 

P. 

D. 1 
T. 

R. 

D. 2 
D. 3 
M. 


57.000 
760,000- 

470.000 
2,^90,000 

270.000 

510.000 

70.000 

2,900,000 


_ clones J. and D. 3, were exceptionally clean and great 
wa^ ^erased during handling of leaf. In the remainder, 
principles of bacterial control had been 
^^ognised, infection was occurring owing to faulty application 
niethods, 

M r infection may be occurring 

^P**"*™ staff, are working under 

gtisfactory conditions. The presence of comparatively innocu- 
;^s species may enable factories to produce good teas over a 
^^lod of years but a change in the species might result in a 
j^den loss in quality, although manufacturing conditions would 
^pear to be the same as usual. 

^ The extent of the infection which may arise as a result of a 
^gle omission in bacterial control is brought out by a manufac- 

£ e at Tocklai where one roller was fitted with a new cap, while 
cap on the other machine had not been properly cleaned and 
i^ed after the previous day’s manufacture. Bacterial counts 
Ml withered leaf (bulked sample) and at the end of rolling were 


ilhered 

led new cap 
I Old cap 



Bacteria per grain 
of leaf. 

Species. 


40,000 

OB 


3,640 

0 B 

... 

2,020,000 1 

0 
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Firing . — During 1935 a preliminary survey of the destruc- 
tion of bacteria during firing was made. Observations made 
some 3’ears previously suggested that under certain conditions 
considerable numbers of bacteria might survive this process. 
One such condition is probably the presence of bacterial spores 
which are resistant to heat, but other factors, at present un- 
known, may exist. 


Leaf withdrawn from the bottom tray of the Tilting tray 
Sirocco in the Tocklai factory showed complete destruction of 
bacteria within 15 minutes at temperatures of iqo^F and 
higher 


Bacteria before 

Firing I 

Bacteria after 

firing 

conditions 

firing 

6,100 per gm. 

] 5 mirmtes at 190°F. 

Nil 

7.100 „ „ 1 

15 at 200°F. 

57 

10,700 ,, ! 

15 „ at 220®F. 

5. 


At a temperature of 180° F a similar result was obtained in 
six parallel experiments : — 


Bacteria before 
firing 

F iring 
condition!?. 

Bacteria after 
firing 

5,400 |jer gram. 

l5 minutes at IdO^F. 

Nil 

5,000 



14,600 ,, 


)» 

13.500 


3 ’ 

3,900 

?? ?? 

>3 

11,000 

1 



In both the above series the bacterial count, consisting ni 
OB and 0 types was low. To determine the effect of firing on 



( 49 ) 


nfected leaf, a relatively liigh concentration of Tocklai O. type 
jacteria was adderf to fermented leaf before firing : — 


Bucteriu bt^fort 

Firing 

Bactfvia after 

tiring 

(conditions 

.1 

(irhig 

2-4,800,000 per gm. 

15 minutes at 180°F . 

Nil 


Tlie above represent tlie results of exposing leaf carrying 
bacteria to an air blast at temperatures from iSo'^F to 220^F. 
Under actual firing conditions however, the leaf entering the 
machine is exposed to air at a temperature of I35-145''F rising 
as the leaf progresses through the machine. The rate of sterilisa- 
tion under normal firing conditions was therefore observed by 
jjrithd rawing leaf from the top tra\' of the Tocklai Sirocco dryer 
at intervals during the course of firing : — 

Bacteria per gram of leaf. 


Tnlet teinpenitnro 

0 

180°F 

190^F 

205^ F 

fermented \mi 


7,200 

11,000 

14,300 

fired 5 mimms 

m 

180 

2,750 

1,990 

£ „ 10 „ 

50 

70 

160 

90 


nil 

nil 

160 

! nil 

^ 





Bermented leaf 

1,500 

5,100 



prod 5 minutes 

400 

970 



,, iO „ 

1<^0 

1 70 



» 15 „ 

nil 

! i 

i nil 

i 




In all cases but one, complete destruction of the non-sporing 
icteria is recorded within 15 minutes of the commencement of 
ring. The actual thermal death-points of the organisms con- 
pmed have yet to be determined, and the investigation has also 
i be extended to include the conditions for destruction of spore 
inning bacteria and moulds. There are indications that teas 
liich have been subject to bacterial infection during maniifac- 
ke tend to deteriorate on keeping more rapidly than uninfected 
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teas and this in some cases mav be connected with the presence 
of spore forming or heat resistant micro-organisms. 

ExTKNDHD FkRMKNT.^TION TKvSTS. 

The utility of extended fermentation tests for detecting 
bacterial infection in the factory has been further examined. It 
is foimd that when the bacterial flora on withered leaf consists 
entirely of Blue and OB U^pes, leaf may be fermented for 
24 hours without losing its bright colour or developing an un- 
pleasant nose. The presence of “O” type bacteria in consider- 
able numbers results in the development of dull browm infused 
leaf, dark cloudy liquors and an unpleasant nose after ferment- 
ing for 24 hours. Bacteria of the “Sourish’' tvpe (which pro- 
duce blue colonies on B.T.B. medium, but are distinct from the 
Blue species occurring on fresh or withered leaf) do not give rise 
to dark coloured leaf on extended fermentation, but produce a 
sour nose. 

Extended fermentation may therefore be used as a rough 
test for the species of bacteria concerned in a factory infection, 
and the tendency for an^^ particular infection to produce dull, 
soft teas or bright, sour teas may be determined by prolonged 
fermentation. 

Further observations on Catalase activity in fermented leaf 
have been made. When leaf carrying only Blue and O.B. types 
is fermented for 24 hours no appreciable Catalase activity is 
developed. This may be due to slow de^'elopme^t of the bacteria, 
or to failure of the bacteria to produce catalase. If the leaf car- 
ries O. t3^pes of bacteria a high catalase activity appears within 
24 hours. It seems possible that these facts can be worked up 
into a simple test for bacterial infection, depending on the num- 
ber of bacteria necessary- on rolled leaf to give a definite catalase 
reaction after, say, 12 hours fermentation. The possibility of 
using the catalase test to determine the presence of active 
deposit (i.c., tea juice containing bacteria) on the fermenting 
floor has also been considered, but at present neither of these 
tests has been developed to a point at which it may be released 
to the tea industry. 
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Water STKRUjSATioy. 

A new method of water sterilisation has been examined and 
appears to be of value to the industry in cases where the water 
supply carries a high bacterial infection, and is therefore unsuit- 
able for use in Vortex humidifiers and those working on the 
atomiser principle. Briefly the method consists of the introduc- 
tion of a minute amount of ionic silver by means of a low voltage 
current passed between si]^'er electrodes. In the apparatus 
tested a 3 volt current from a pocket battery is pas.sed between 
rod electrodes of square inches surface area, placed 3/8" 
a])art. For commercial purposes a proportionately larger plant 
would be required. The electrodes are immersed in water for a 
short time, and after treatment the water is allowed to stand for 
an hour. 

In tlie preliminary tests a high concentration of t3'pe 

bacteria was introduced into clean water, and icx.) cc. was treated 
by the Electro-Katadyn process for 3 minutes. Control and 
treated samples were plated after one hour 

Control ... 1,920, OCX.) bacteria per cc. 

Treated 3 minutes ... nil. 

With the time of treatment reduced from 3 minutes to 
15 seconds, a similar effect was obtained 

Control ... 1,050,000 bacteria per cc. 

Treated 15 seconds ... 37 ,, ,, 

The progress of sterilisation after treatment is shown b}’ the 
following figures in which bacterial counts were taken at inter- 
vals after the initial 15 seconds treatment : — 

Control ... ... 45,000 bacteria per cc. 


Treated, 

plated 

after 15 minutes 

2,900 


» > 

j } 

M 30 

800 ,, 

ff It 

>} 

n 

M 45 M 

100 ,, 

If If 

i 1 

f} 

M fi 

36 

11 1 1 
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In addition to the above pure culture experiments, tests 
have been made on a number of water samples received for exami- 
nation. The results are summarised in the following tables : — 


Amount 

treaUnl. 

; Duration of 

1 trcsitment. 

_i 

fkicteria [^r 
ce. Control. 

Bacteria per 
OG Troatwl. 

Clarity of 
sample. 

tiO CO 

i fiO seconds 

6,500 

nil. 

Moderate 

sediment. 

200 



24,600 



200 

i 30 


87,000 

yy 

55 

200 ec 

tiO 

yy 

80,000 

yy 

Clouded with 
sediment. 

200 cc 

15 

yy 

1,500 ■ 

yy 

yy 

200 a- 

15 

yy 

25,000 


Clear 

500 cc 

' 15 

yy 

11,000 

87 

Heavy sediment 


The presence of a sediment in the water does not appear to 
affect the efficiencx^ of the process, but the presence of colloidal 
clay in suspension inhibits sterilisation. This is to be expected 
since the negative charge on the clay particle would neutralise 
the positive charge on the introduced silver ion, resulting in pre- 
cipitation. 

The above results suggest that with an electrode area of 
i ]4 sq. inches, approximate sterility can be obtained in 2 litres 
of Tocklai water per minute, equivalent to 26,25 gallons per 
hour. The actual conditions for sterilisation under constant 
flow have not yet been examined. 

Systematic Bacteriology. With the close of the manufac- 
turing season attention was directed towards the classification of 
the three chief types of bacteria present on tea leaf. These have 
hitherto been referred to as Blue, OB and O. 

Reference to Bergey’s manual of determinative Bacteriology 
indicates that the three bacteria described above are new species 
and names will eventually have to be assigned to them when 
their features have been fully established. 
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Decomposition of Fkrtitjsers. 

It was suggested in 1928 tliat the rate of decomposition of 
prganic materials in soil could be used as a measure of their 
availability to the crop, and it was shown that part of the nitro- 
gen in such materials was rapidly converted into ammonia and 
nitrates while the balance remained in a complex form. This 
feature was not dependent on soil pH. and buffer effect since tlie 
nitrogen in easily decomposable proteins such as albumin and 
casein was almost completely co inerted to ainmonia and nitrate 
\rithin four days. 

In view of the proposal to utilise tea waste as a manure, a 
decomposition exjieriment was carried out with this substance in 
comparison with oilcake and Tung cake, the latter having also 
been put forward as a fertiliser. Materials were added to soil 
at a rate to provide 30 mgs. % nitrogen and analyses were made 
at intervals of i and 2 weeks. 


Mgs. Nitrogen % as ' 

t t 1 Total 

^ ^ r ' ‘;]srH,+NO.,i 

; Ammonia ! N itrate 1 

■ i i 1 . 

Kxoess over 
(‘ontrol 

Percentage 

decomposi- 

tion, 

Oontrol ... nil 1 

Oilcake ... , IL’48 j 

Tung cake i 7' 5 6 : 

Tea waste 0-98 

I'tly I'tiS 

2-09 13'57 t 

2- 33 ; 9-89 

3- 30 4-28 

11*92 

8*24 

2*63 

! 39-8 ^ 

1 27-4 

j 8*8 ^ 

1 

2 weeks. 

(‘ontrol... : nil 

Oilcake... 4*62 

Tung c-ake 2*24 

Loji waste j nil 

1-87 1-87 

8'24 j 12-8(i 
12-64 14-88 

7-14 7-14 

10*99 

1 13*01 
! 5*27 

1 

.36*63 % 
43*37 0 /^ 
17*57 fc 

[ 


Tung cake thus appears to be if anything more efficient than 
ordinary oilcake, while tea waste apt^ears to ha^’e little value as a 
readily available source of nitrogen. Field exjx^riments com- 
menced in 1935 using tea waste as a source of nitrogen confirmed 
the latter point. 
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The possible value of this type of biological analysis is 
obvious, in determining the inanurial value of composts 
where variation in the method of preparation might yield pro- 
ducts of widely differing availability and inanurial value. 

Publications, The monograph “Bacteria and the Manufac- 
ture of Black Tea’^ having gone out of print and being still in 
demand, was rewritten during 1935 and issued as “Bacteria and 
the Manufacture of Tea in North East India*’, the change in title 
appearing desirable owing to the findings of Mr. P. H. Carpenter 
in Java and .Mr. H. R. Cooper in Ceylon that these countries 
were less susceptible to bacterial infection during the manufac- 
ture of tea, owing to the high degree of wither employed which 
largely eliminates juice expression. 




